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1 Introduction
“Na notech nolog y”  gener a l l y  r e fe r s  to  
technology involving materials and components 
ranging in size from 1 to 100 nanometers 
(“nano” means a billionth) [1]. Such materials 
and components consist of 10 to several million 
atoms and exhibit properties quite different 
from those found in conventional bulk materials. 
They show characteristic electronic properties 
associated with specific atomic arrangements, 
e s t abl i sh i ng  an  es sent i a l  sou rce  of  new 
technology. At the same time, they bring about 
previously unencountered technical problems. 
For instance, the typical size of semiconductor 
CMOS has become as small as 65 nanometers [2], 
causing significant problems due to increased 
leak current. Hence, intensive development of 
dielectric films with high dielectric constant, 
which remedies this problem, is underway. In 
addition to CMOS, there are many other issues 
of great interest in nanoscale science, such as 
nanotubes for conductor wires, monomolecular 
devices with a switching function, spintronics 
(using electron spin to represent information), 
and nano -catalysts based on nanoscale atomic 
clusters.
Computer aided design (CAD) is now common 
in many industr ia l  f ields, contr ibut ing to 
more efficient development. These simulation 
techniques are built on modeling of appropriate 
basic science. How, then, should simulation 
techniques for mater ials/device design for 
nanotechnology be constructed? In the nanoscale 
region, the wave characteristics of electrons 
become prominent, which is the basis for the 
new functions. Due to the tiny size, however, 
manipulation by conventional contact techniques 
is impossible. Electronic states and atomic 
configurations must therefore be controlled by 
light and by electric and magnetic fields. Analysis 
and prediction of these properties must be based 
on quantum mechanics. Furthermore, since it 
is difficult to accumulate a large amount of data 
through experiments, “accuracy” in modeling 
becomes an important factor.
Such highly accurate simulation techniques 
based on quantum mechanics are not entirely 
new. They have already been used in theoretical 
and computational science for physics, chemistry, 
and mater ials science. Therefore, one may 
consider that using those calculation techniques 
and codes (programs) would be sufficient. In fact, 
there are many projects in which experimental 
scientists and engineering developers collaborate 
with researchers in computational science for this 
purpose.
However, the development of nanotechnology 
is remarkably fast. If such simulation techniques 
remain only in the hands of researchers in 
computational science, the situation will be 
insu f f icient for the rapid development of 
nanotechnology. Environments must therefore be 
developed in which simulation techniques can 
be widely used not only by specialist researchers 
but also by researchers in other fields. It is still a 
fresh memory that dissemination of technology, 
such as the transfer of semiconductor technology 
from military to civilian use and the spread of 
internet technology that was originally a tool for 
researchers, brought about drastic technological 
revolutions. The U.S. government has recognized 
the importance of such dissemination and is 
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taking measures to promote it. Because Japan 
aims to be a technology-oriented nation, it should 
take similar measures as quickly as possible.
Mere transfer of advanced simulation codes 
from nanoscience (basic science) researchers 
to nanotechnology engineers will not work 
well without transfer of basic principles and 
the meaning of results. In fact, there is a gap 
between the two groups with respect to the 
scales they deal with, leading to another gap 
in the way they view phenomena. This causes 
many nanotechnology engineers to doubt the 
effectiveness of the simulation techniques 
developed by researchers in nanoscience. 
In order to disseminate nanotechnology, it 
is therefore essential to close these gaps. To 
achieve this, it is important for nanoscience 
researchers to develop techniques for calculation 
of larger sizes as well as for computation of 
more observable physical quantities, and for 
nanotechnology eng ineers to understand 
fundamental theories and modeling mechanisms 
in order to absorb knowledge obtained by the 
calculation of smaller sizes. It is therefore very 
important for both parties to interact with each 
other.
This report discusses essential conditions to 
realize desired outcomes from the perspective 
that the dissemination of advanced simulation 
(nanosimulation) techniques will promote the 
development of nanotechnology. First, this report 
surveys what are nanosimulation techiniques 
and what kinds of infomation they can give. 
Next, it analyzes trends of dissemination in the 
U.S.A., Europe, and Japan. Finally, it recommends 
measures that Japan should take.
2 Present Status of Advanced
 Simulation (Nanosimulation)
 Techniques in Nanoscience
Figure 1 summarizes nanosimulation techniques 
related to the development of nanotechnology. The 
most important items in the chart are the quantum 
chemical calculation and the first-principles 
calculation based on the density functional 
theory, which in pr inciple do not require 
empirical data and allow for highly accurate 
calculation. Many software products for these 
types of calculations are already available. The 
Figure 1 : Outline of advanced simulation techniques in nanoscience 
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most popular are Gaussian and GAMESS for the 
former, and CASTEP and VASP for the latter. 
These software products have been already 
used for the development of nanotechnology. 
For instance, a domestic chemical manufacturer 
has achieved some success in materials design 
by analyzing the structure of solid acid catalysts 
using a first -principles calculation software 
product [3].
While the above-mentioned software products 
are very useful, some issues remain. For instance, 
(i) introduction of cutting - edge calculation 
techniques tends to be delayed and is sometimes 
never done at all; (ii) since codes are generally 
published in binary form, users cannot customize 
the software; (iii) it is therefore difficult for users 
to introduce calculation techniques appropriate 
for their objectives. Such a situation is undesirable 
for application to fast-evolving nanotechnology. 
Another possible problem is that the development 
cente r s  for  such  so f t wa re  produc t s  a re  
located mainly in the U.S.A. and Europe. This 
dependence on foreign software is undesirable in 
terms of competing against these countries in the 
fields of both nanoscience and nanotechnology.
In fact, many state - of - the - art calculation 
techniques have not been incorporated into 
these sof tware products.  One example is 
the nonequilibrium Green function (NEGF) 
method [4]. It was recently demonstrated that 
this method can quantitatively predict electrical 
conductivity by studying the quantum transport 
properties between fullerene (C60) and a silicon 
surface as shown in Figure 2 [5], although it is 
uncertain whether the method has reached a level 
at which it can contribute to the development 
of nanotechnology. Since quantum chemical 
calculations and first-principles calculations are 
generally based on the assumption of absolute 
zero temperature (-273°C), they sometimes fail 
to explain phenomena at room temperature 
(25°C). To address this problem, a method that 
enables efficient calculation of “free” energy 
for discussing structural stability and reactions 
at “finite” temperatures has been proposed [6]. 
Recent ly,  the author and coworkers have 
developed a first-principles calculation technique 
for standard redox potential, which is a crucial 
quantity in electrochemistry [7]. The promotion 
of independent development of calculation 
techniques, codes, and software products for 
domestic researchers is essential in order to 
promptly incorporate such new calculation 
techniques. 
Figure 2 : Comparison of the results of electrical conductivity simulation for monomolecular devices using NEGF method
 (resistance to the applied voltage) and experimental values [5] 
Source: Reference[5]
Reprinted with permission from G.-C. Liang and A. W. Ghosh, Phys. Rev. Lett. 95, 076403 (2005). Copyright 2005 by the 
American Physical Society.
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3 Trends in the U.S.A. in
 the Dissemination of
 Nanosimulation Techniques
 towards the Development of
 Nanotechnology
3-1 Overview of trends in the U.S.A.
 in the development of nanotechnology
In the U.S.A., the National Nanotechnology 
Initiative (NNI), a federal - level R&D project 
related to nanotechnology, is underway [8,9]. 
In this project, 23 federal agencies including 
the National Science Foundation (NSF) and 
the Department of Energy (DOE) are active in 
nanoscale science, engineering, and technology. 
The objectives of the NNI are to: (i) maintain 
research and development programs relating to 
nanotechnology on a global level; (ii) support 
the transfer of new technologies to commercial 
products; (iii) develop educational resources, 
ski l led labor, and support bases for future 
nanotechnology; and (iv) address social issues 
expected to arise from the development of 
nanotechnology. It is notable that three of the 
four items are related to technology transfer 
and dissemination. In fact, support is being 
given to the construction of R&D facilities in 
universities and national research institutes and 
to the establishment of user networks for general 
(non-specialist) users. Figure 3 outlines the R&D 
centers and user facilities of the NNI.
A typical network established by the NSF is 
the National Nanotechnology Infrastructure 
Network (NNIN)[10]. The NNIN began in March 
2004 as a f ive -year project, taking over the 
support services of the National Nanofabrication 
User Network (NNUN, 1994 to 2003). The NNIN 
is a collective entity comprising experimental 
faci l it ies from 13 universit ies. It provides 
students, engineers from small companies, 
and startup companies with opportunities for 
experiments, together with support for use of 
the facilities. The NNIN/C (computational drive) 
is the computation department of the NNIN [11]. 
The NSF has establ ished another network 
focusing on computation called the Network for 
Computational Nanotechnology (NCN), with 
the objective of facilitating the dissemination of 
nanosimulation techniques [12]. In this manner, 
Figure 3 : Outline of R&D center, user facilities, and networks of the U.S.A. National Nanotechnology Initiative (NNI) 
 Prepared by the STFC based on NNI Strategic Plan (December 2004) 
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in addition to COE (center of excellence) type 
facilities, the NSF carries out network projects 
focusing on expanding the population in the field 
of nanotechnology and raising the level of their 
skills.
The DOE is setting up five user facilities called 
Nanoscale Science Research Centers (NSRCs), 
which focus on the synthesis, processing, and 
manufacture of nanoscale materials in existing 
national research laboratories[13] (see Figure 3). 
Some of the NSRCs focus on theory, modeling, 
and simulation. In these centers, users must first 
apply for collaborative research projects with 
NSRC researchers. If their proposals are accepted, 
they can use the NSRCs’ facilities and receive 
support from their technical staffs. This indicates 
an emphasis on pioneering studies conducted 
by high - level collaborative research groups 
consisting of computational science researchers. 
It is very important to enhance the combination 
of dissemination activit ies and pioneer ing 
research as described above.
3-2 Present status of NNIN/C [11]
The activities of NNIN/C can be analyzed as 
follows. As described above, the NNIN itself 
is a collective entity of 13 sites, each of which 
specializes in a unique field. General users can 
select a site relevant to their objectives through 
advice from consultation services. Usual ly, 
users can access facilities within two weeks. 
Anyone can apply, and certain fees are charged 
for use. Since the technical staff of the NNIN 
devotes its entire attention to technical support, 
collaborative research is not carried out in this 
framework. Instead, various types and levels of 
seminars and training programs are prepared for 
users with different skills.
The NNIN/C is the computation division 
of the NNIN. Its objectives are: (i) creation, 
accumulation, and maintenance of software 
for nanoscale technologies; (i i) preparation 
of manuals that enable non - specia l ists in 
nanotechnology to swiftly address problems, 
provision of technical support and seminars, and 
setting up an online site for simulation on the 
internet; and (iii) maintenance of feedback paths 
from users. These objectives indicate an emphasis 
on support activities after software is published.
Users are assumed to include: (i) experimental 
researchers and engineers, (ii) computational 
science researchers and students who cannot 
access the most  advanced sof tware,  ( i i i )  
researchers who need software that provides 
the basis for code development and extension, 
and (iv) computational science researchers 
who intend to provide their own codes. This 
list indicates the expected participation of a 
wide range of researchers, from beginners in 
nanotechnology to experts in code development. 
Table 1 : Software groups of NNIN/C 
Category Characteristics Software name (developer) 
First-principles calculation
Plane wave basis, standard ABINIT* (Belgium) 
Plane wave basis, standard CPMD* (Switzerland, Germany)
Real space, pseudo-potential PARSEC* (Minnesota)
Real space, anisotropic mesh HARES
LMTO method, excitation, quantum transport LM Suite* (Arizona)
Quantum chemical calculation Standard NWChem* (Washington)
TB method Quantum transport of CMOS SEMC-2D
Classical MD method Environment-dependent potential EDIP (Harvard)
Quantum wire & dot SETE (Harvard)
Others
Transition state search, NEB method ANEBA
Band structure of photonic crystals MIT Photonic Bands* (MIT)
CV calculation of silicon MOS UTQUANT (Texas)
Two-dimensional particle transport TOMCAT (Texas)
Neutron transport UT-MARLOWE (Texas)
The * mark indicates secondary publication of software products that have been published elsewhere.
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The par t ic ipat ion of  code developers,  in 
particular, is considered very important in order 
to obtain high-quality software.
Table 1 shows the NNIN/C’s software as 
of December 2005. The sof tware includes 
a  b a l a nced  r a nge  o f  pa r t i c ipa nt s ,  f rom 
first -principles calculation to device design. 
Explanations and manuals are provided on the 
internet for all software products, along with 
contact information for technical services. In 
addition, the NNIN/C provides hardware. It 
has several cluster machines with about 1,000 
CPUs in total, which users can access by remote 
operation. This level of hardware is enough for 
standard simulations. Researchers from Harvard 
and Cornell Universities administer the entire 
operation of the NNIN/C, and try to provide 
environments in which general users can quickly 
undertake simulations.
Potential weaknesses of the NNIN/C are: (a) 
there are no clear - cut portal sites; (b) there 
are no seminars and tutorial systems; and (c) 
most of the software products for device design 
have been developed originally, but many of 
those for first-principles calculation are merely 
redistributions from the sites of the original 
developers. (a) and (b) are probably caused by the 
fact that the NNIN/C has just begun operation, 
and whether they can be achieved is an important 
issue. On the whole, however, the activities of the 
NNIN/C provide a useful reference.
3-3 Activities in the NCN [12]
The NCN began in 2002 as the first network 
of the NSF, before the NNIN/C. The objective 
of the NCN is to link theories, experiments, 
and calculations to promote the development of 
nanotechnology. Nanoscience researchers who 
develop new calculation techniques and code are 
at the center of the administration of the NCN. 
It is noteworthy that the intention is to provide 
the newest simulation techniques that are not 
yet available in software products. In particular, 
nanoelectronics, nanoelectromechanical systems 
(NEMS) and nanobioelectronics are the main 
targets, and software for leading-edge calculation 
techniques such as quantum conductiv ity 
calculation is already in development.
In addition, the dissemination activities of 
the NCN for general users through seminars 
and educational resources on the internet are 
remarkable. The NCN holds summer school 
courses, including basic theory and simulation 
workshops, with the course recorded on video 
and released over the internet. Users who do 
not attend the course can therefore still derive 
some benefit from the course over the internet. 
The NCN already has an internet portal site 
called “nanoHUB” to provide nanosimulation 
software products and hardware computers 
to general users [14]. Users can run simulations 
on nanoHUB and check the results. NanoHUB 
provides detailed explanations and manuals for 
software products so that non-specialist users 
can quickly run simulations without worrying 
about software installation or other initial set 
up. Published statistics show about 1,600 users 
in the previous year. A cluster machine with 200 
CPUs is provided as the hardware. System size 
appears adequate for initial trials. The full range 
of support provided after software publication is 
highly regarded.
The NCN’s sof tware includes everything 
from f irst - pr inciples calculation (GAMESS, 
ABINIT, CPMD, etc.) to simulation software 
for device design (TBGreen, etc.). As with the 
NNIN/C, most of the simulation programs for 
first-principles calculation are republications 
of software products developed elsewhere, 
while more of the simulation programs for 
device design are independently developed. In 
particular, the quantum conductivity calculation 
software [5] based on the NEGF method described 
in the preceding chapter is one of the most 
advanced in the world, and it was developed by 
an NCN researcher. This lineup of state-of-the-art 
s i mu l a t i o n  t e c h n i q u e s  i s  a n  a t t r a c t i ve  
characteristic of the NCN.
The NCN also began col laborat ion with 
TeraGrid, part of the Grid Project in the U.S.A., 
in 2005 [15]. This collaboration enables the NCN 
to respond to users who require a more practical 
calculation scale. It is unclear, however, whether 
NCN software is tuned at each node (platform) 
for full performance. When software is opened 
to public use, tuning for different platforms is 
also an important aspect. In any event, there is 
an interesting contrast between the NCN, which 
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began as a software project and was joined by 
Grid, a hardware project, and projects in Japan, 
which almost always begin with hardware.
4 Trends in the Dissemination
 of Nanosimulation
 Techniques in Europe
4-1 Overview of trends in Europe
 in the development of nanotechnology
This section focuses on measures taken in 
Europe as a whole. There is no powerful initiative 
focusing on nanotechnology in Europe like those 
in the U.S.A. Instead, the European Commission, 
which oversees science and technology policies 
for Europe as a whole, plays that role.
The European Commission is taking measures 
under the “European Research Area (ER A) 
Initiative” to eliminate barriers to research 
and development among var ious European 
countr ies  so that  they can f unct ion as  a  
single unit[16]. The basic research investment 
plan for the establishment of the ERA is the 
Framework Program (FP). The Sixth Framework 
Program (FP6) is operating through 2006[17]. 
Among its seven top -priority programs, there 
a re two programs related to in format ion 
and nanotechnology, “Information society 
technologies ( IST)” and “Nanotechnology 
and nanosciences, knowledge -based function 
materials, new production processes and devices 
(NMP).” Several projects on nanosimulation 
techniques are being carried out under these 
programs. The Seventh Framework Program 
(FP7) is to start as a seven -year program in 
2007[18]. In this program, two projects focusing 
on research and development to meet the needs 
of European industry, “Technology Platforms” 
and “Joint Technology Initiatives,” are to be added 
to the existing FP6 projects. FP7 is therefore 
expected to accelerate the linkage between 
nanoscience and nanotechnology.
Below, this report briefly describes a software 
hub called PHANTOMS, whose development 
began in FP5, and the development status of other 
simulation codes for first-principles calculation in 
physical science fields.
4-2 PHANTOMS Computational Hub [19]
A  n o t a b l e  p r o j e c t  fo r  p r o m o t i n g  t h e  
deve lopment  o f  n a notech nolog y  by  t he  
dissemination of nanosimulation techniques in 
Europe is the “PHANTOMS Computational Hub.” 
This software hub was constructed as part of 
the FP5 projects “Nanotechnology Computer 
Aided Design (NANOTCAD)” ( January 2000 
to April 2003) and “Network of Excellence on 
Nanoelectronics (PHANTOMS)” (December 2000 
to November 2004) and released to the public 
in April 2002. In other words, the PHANTOMS 
Computational Hub began before the NCN. 
The objectives of the hub were collection of 
software useful for the design of nanoscale 
electronic devices, evaluation of its accuracy, 
and calculations for verification. In addition to 
fostering human interaction in workshops and 
providing information over the internet, it also 
brought in industrial users and established a 
forum for opinion exchange.
I n  t he  so f t wa re  PH A N TOMS re lea sed ,  
there was an emphasis on nanoelectronics, 
with 15 device - or iented products, than on 
first-principles calculation, with only 2 or 3 
products. In this case as well, programs for 
first -principles calculation were re - releases, 
while most other programs were developed 
independently. A check of internet portal sites 
found that the explanations of the software 
are passable. There are several shortcomings, 
however, including (a) lack of information on 
accuracy; (b) no explanations of what can be 
done after registration on the portal site; (c) 
inadequate contacts for further information; and 
(d) no updates to the website for three years. It 
is therefore difficult for users to utilize the hub 
with confidence. This is in marked contrast to the 
NCN, but perhaps the problems stem from the 
difference between a project currently running 
and one that has been completed. The situation 
confirms how important it is to continue support 
activities after software is published in order to 
maintain the achievements of open- software 
projects.
4-3 Other measures for the dissemination of
 simulation techniques
FP6 projects include many that involve 
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nanosimulat ion. For instance, theoret ica l  
a n d  c o m p u t a t i o n a l  s c i e n t i s t s  wo r k i n g  
on  f i r s t - pr i nc ip le s  ca lcu l a t ions  ma nage  
the “Nanosca le Quantum Simulat ions for 
Na nos t r uc t u res  a nd Adva nced Mater i a l s  
(NANOQUANTA)” project of FP6 -NMP ( June 
2004 to May 2008) [20]. This project, in which 
the development group for ABINIT software 
(see Table 1) participates, looks very powerful 
from a nanoscience viewpoint. It has achieved 
appreciable results in the expansion of the 
population through the traditional European 
approach of organizing seminars. Furthermore, 
the establishment of a common faci l ity for 
theoretical research has been proposed. It would 
be called the European Theoretical Spectroscopy 
Facility and would provide a site for collaborative 
research among basic scientists and industrial 
engineers.
“Towards Atomistic Materials Design (Psi -k)” 
i s  a program sponsored by the European 
Science Foundation (ESF)[21]. This program is a 
gigantic network consisting of many European 
researchers in the f ield of f i rst - pr inciples 
calculation. Psi - k sponsors many seminars 
and workshops, and researchers belonging to 
the network have developed various creative 
simulation codes including the above-mentioned 
CASTEP, VASP, ABINIT, CPMD, SIESTA (using 
the Order N method), and TranSIESTA for 
quantum conductivity calculation. Although a 
software hub assembling these codes has not 
been established, each developer group provides 
active support and maintenance on its own site, 
creating a well-served and practical system. The 
situation in Europe suggests the importance of 
maintaining a high level of theory construction 
and development of calculation techniques at the 
nanoscience level.
5 Model Flow for
 the Dissemination of
 Nanosimulation Techniques
This analysis of the present situation in the 
U.S.A. and Europe suggests conditions and a 
model f low for the effective dissemination of 
nanosimulation techniques to promote the 
Figure 4 : Design for effective dissemination of advanced simulation techniques in nanoscience 
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development of nanotechnology. There are three 
key points, which are summarized in Figure 4.
(A) Enhancement of support activities after
 software release
It is no exaggeration to say that the most 
important aspect of dissemination is long-term 
support activit ies a f ter the publ ic release 
of sof tware. Condit ions necessar y for the 
maintenance of software assets are setting up 
a highly active technical consulting service 
(liaison), sequential bug fixing and response 
to new platforms, periodic version upgrades, 
education in theory and modeling through 
seminars and tutorials, and enhancement of 
practical simulation training.
(B) Improvement of necessary conditions 
 before software release
To achieve productive dissemination, it is 
also important to create software products that 
are easy to use. To achieve this, it is necessary 
to make software products from prototype 
simulation codes by tuning them so that they 
are useful for general purposes and applied to 
different platforms. Preparation of usable manuals 
and provision of information on the verification 
of accuracy and validation of speed are also 
indispensable. Development of a graphical 
user interface (GUI) and appropriate handling 
of copyrights related to prototype codes or 
previously published primary software products 
are also needed.
(C) Improvement of skills for construction
 of leading-edge theories and
 development of simulation technique
Activation of development of prototype codes 
that are seeds for the software products is also 
important. To this end, it is necessary to establish 
skill promotion projects, in which researchers in 
nanoscience theory and computational science 
can devote themselves to the development of 
new basic theories and calculation techniques. 
For instance, pioneering research toward a grand 
challenge problem using a supercomputer would 
be a good candidate.
6 Present Status of
 the Dissemination of
 Simulation Techniques in Japan
6-1 Research and Development for Applying
 Advanced Computational Science and
 Technology (ACT-JST) [22]
There have been many Japanese projects 
targeting the promotion of materials design based 
on the dissemination of simulation techniques. 
The ACT-JST project played a pioneering role 
among these projects. It began in 1998 to focus 
on development and release of simulation 
software for use in industrial fields. This was 
an epoch-making experiment at the time. In FY 
1998, 50 research projects on this process were 
selected for intensive short- term examination 
(one year). Subsequently, the research period 
changed to three years. Seventeen research 
projects were selected in FY 1998, 4 in FY 1999, 
4 in FY 2000, and 21 in FY 2001. That concluded 
the entire enterprise. The ACT-JST website states 
that the JST publishes the results of research and 
development in the hope of contributing to the 
creation of new business and that the results of 
software development are made public (as of 
December 2005).
However, there are various barriers for users to 
overcome in order to actually use the published 
sof tware products.  There are no suppor t 
activities to encourage practical use, no periodic 
version upgrades, and no seminars to promote 
dissemination. Furthermore, descriptions of 
the contents of the software, basic principles, 
accuracy, and speed are inadequate. This makes 
it difficult for general users to actually reach the 
stage of downloading the software and compiling 
it in their computer environments. It is important 
to learn from the problems encountered in 
such pioneering projects and to construct new 
viewpoints for future improvement. Vigorous 
fol low- up on the question of whether the 
requirements for published software packages are 
satisfied is essential. In projects whose objective 
is to make and provide open-source software, it 
is necessary to assess the status of dissemination 
and also to undertake long-term assessment of 
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software support activities after the software is 
made public. Software that is genuinely useful for 
general users can only be maintained by assigning 
long-term responsibility to the proposer of the 
project.
6-2 National Research Grid Initiative
 (NAREGI) [23]
NAREGI began in 2003 with the goal of 
developing grid infrastructure software for 
practical use. The project aims to develop 
hardware and middleware, but demonstration 
research on appl icat ion sof tware in gr id 
environments is organized with the cooperation 
of industry, universities, and national research 
inst itutes.  The NAREGI website says,  “In 
particular, computational methods are to be 
used to clarify the structures of nanomaterials 
as well as the natural principles of functional 
manifestations of nanomaterials. An academic 
b a s e  w i l l  b e  bu i l t  fo r  nex t - ge ne r a t i o n  
nanomaterials design by new technique and 
software, which has been dependent solely on 
experimentation in the past, with the aim of 
developing devices for industrial applications.” 
This statement indicates that the intention of 
the project is to publish demonstrated software 
together with grid environments to promote the 
development of nanotechnology.
The project is in its third year, and various 
types of information will be disclosed from 
now on. Of particular concern, however, is 
the fact that it is unclear at this time how the 
demonstrated software packages will be dealt 
with at the end of the project and how they 
will be supported after that. Furthermore, it 
is questionable to what extent the resultant 
sof tware packages wi l l  be optimized and 
tuned to grid environments. The six fields of 
nanoscience addressed in the demonstration 
research are distinct, and one hopes that useful 
software products will be developed in each 
field. When the development and dissemination 
of software are part of projects whose primary 
aim is to develop hardware, underestimation of 
software often results because its importance 
is not sufficiently appreciated. This is why it is 
necessary to have projects such as the NCN that 
focus on software.
6-3 Revolutionary Simulation Software
 (RSS21) [24]
Whi le most Japanese projects focus on 
hardware, some that focus on software have been 
started in the last few years. Two examples are 
the “Frontier Simulation Software for Industrial 
Science (FSIS)” project[25], which began in 
2002 as part of the IT program sponsored by 
the Ministry of Education, Culture, Sports, 
Science and Technology, and its successor, the 
“Revolutionary Simulation Software (RSS21)” 
project[24]. In RSS21, simulation software packages 
in a variety of fields including chemistry, biology, 
nanotechnology, f luids, and structures are 
being independently developed, verified, and 
published free of charge. The project is led by 
the Collaborative Research Center of Frontier 
Simulation Software for Industr ial Science, 
Table 2 : Examples of Revolutionary Simulation Software (RSS21) software groups
Category Description Software name 
Quantum 
chemical 
calculation
Based on density functional theory Protein DF
Based on density functional theory Protein MD
Fragment molecular orbital method ABINIT-MP
First-principles 
calculation
Plane wave basis, standard PHASE
Production of pseudo-potential CIAO
Expanded plane wave basis ABCAP
Dielectric constant calculation UVSOR
Quantum and classical physics combined multiscale method: PHASE + TB calculation + classical 
MD 
CAMUS
TB calculation
Standard FXZTX
NEGF method, quantum transport ASCOT
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Institute of Industrial Science, the University of 
Tokyo.
Because this project does not have its own 
hardware, sufficient emphasis appears to be 
placed on use on di f ferent platforms. The 
software download site is wel l establ ished 
and manuals and explanations of content are 
well prepared. The software lineup (see Table 
2) covers a wide range of useful calculation 
techniques, from chemical and biochemical 
calculations to first-principles calculation and 
quantum transport calculation.
Furthermore, software support is remarkable 
in that RSS21 has established an independent 
company to provide ongoing support. Corporate 
organization is a workable option in order to 
maintain software quality of independent of 
budgetary f luctuations. Opinions are sought 
from industrial users and ref lected in actual 
development. Seminars on how to use the 
software are held a few times each year. The 
seminars last several hours and the average 
number of participants is about 20. Software 
products are upgraded periodical ly so that 
genera l  users  can use the sof tware with 
confidence.
A key point of the project is the staffing of 
support technicians in the support company 
to mediate between general users and code 
developers (researchers). These technicians 
contr ibute to reducing the gap bet ween 
nanoscience researchers and nanotechnology 
engineers. However, there appear to be too few 
people capable of covering the entire spectrum 
from the role of developing software products 
from prototype codes through upgrading of the 
software to giving seminars for the users. In order 
to secure such outstanding human resources, it 
is necessary to improve the skills of technicians 
as well as to take measures to advance the status 
of technicians and to stabilize their professional 
status.
A problem with this project is neglect of 
technical consultation and support for users 
who have downloaded the free software. In 
addition, disclosure of information on the speed 
and accuracy of the software is inadequate. 
Enhancement of softwares for device design 
is also desirable. However, the project is the 
most promising so far among domestic software 
development projects.
6-4 Computational Materials Design (CMD)
 workshop [26]
The CMD workshop also is worthy of attention 
as a project aiming only for dissemination of 
simulation techniques. The CMD workshop 
was started around 2004 by several research 
groups centered around Osaka University on 
first-principles calculations. The eighth workshop 
is scheduled for March 2006. The workshop is 
a residential seminar over three days and two 
nights, involving practical experience with 
nanosimulation codes owned by the organizing 
groups and lectures on basic theory. Such 
residential education and technical transfer 
deepens human interaction and is far superior 
to the training over several hours offered by the 
RSS21 project.
The fact that seven workshops have already 
been held is also important. Such continuity 
provides the users with a congenial atmosphere 
and reduces costs to the organizer as experience 
is accumulated, benef it ing both users and 
organizers. In the past seven seminars, 118 
students and 143 members of the general public 
have participated. Of the 143 general participants, 
75 were from businesses, demonstrating that 
the workshop is enhancing industry-academia 
collaboration. From the viewpoint of education in 
computational science and simulation techniques, 
the project is a success.
From the per spect ive  of  promot i ng of  
nanotechnology development, the emphasis 
on first-principles calculations and the limited 
var iety of sof tware are problems. Because 
information is not made available to the public, 
users who encounter difficulties must directly 
contact the researcher who developed the code, 
increasing the work on both sides. The current 
situation, however, is probably the best the 
present staff can do. In order to expand the scope 
of activities, staffing support technicians who can 
liaise between the code developers (researchers) 
and general users are necessary.
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7 Proposals
Based on the necessa r y  cond it ions  for  
publishing and disseminating software described 
in Chapter 5 and the present state of such efforts 
in Japan described in Chapter 6, this report 
proposes the following measures for effective 
dissemination of nanosimulation techniques to 
promote nanotechnology development.
(1) Improvement of assessment procedures
 for software publishing projects
Appropriate assessment of published software 
is essential to gain the trust and confidence of 
users. Therefore, this report recommends that 
projects aiming at publishing software introduce 
assessment procedures including the evaluation 
of long-term support activities and the results 
of usage. For instance, it might be productive 
to increase budgets as a bonus for successful 
achievements after publishing. Measures that 
allow only reliable software products to survive 
will contribute to the effective development of 
nanotechnology.
(2) Establishment of the status of technicians
 for the development and support of software
It is practically impossible for researchers in 
nanoscience to develop completed software 
products from prototype codes and then support 
the products. Special ist technicians should 
therefore be staffed as shown in Figure 4 (b). 
The establishment of job security is particularly 
necessary in order to insure “long- term and 
consistent” support. In this sense, setting up 
support divisions in appropriate organizations 
would be an effective measure. In order to secure 
outstanding human resources, skill upgrades 
through technical and personal exchanges 
among nanoscience researchers and leading-edge 
program developers is also an important factor.
(3) Maintenance of the linkage among
 researchers, technicians and users;
 the development of domestic programs
Progress in nanotechnology is remarkable. 
To keep pace with the speed of development, 
it is necessary to maintain a good relationship 
among the nanoscience researchers who take 
charge in the development of computational 
techniques and prototype codes (Figure 4 
[a]) and the technicians who take charge of 
dissemination activities (Figure 4 [b]). Otherwise, 
it is difficult to reflect feedback from users in 
the development of new calculation techniques 
and codes, resulting in falling behind in the 
development race. From this viewpoint, it is 
important to establish domestic programs, based 
on national policies, that promote linkages among 
researchers, technicians, and users.
(4) Creation of software hubs
To raise the general level of nanotechnology, 
diversified software groups must be fostered. 
In Japan,  because s imu lat ion techn iques 
(particularly for devices) appear to be behind 
those of foreign countries, improvement in 
this field is necessary. This report therefore 
recommends construction of software hubs. Each 
project may prepare such a hub site accumulating 
resultant software, as in the case of the NCN. 
Another possibility is for a collective organization 
to form a hub by including multiple software 
lineups from the viewpoints of longevity and 
continuity. In the latter case, the technicians 
described in (2) may be employed there.
(5) Expansion of projects focusing on
 the development of prototype codes
Although th is i s  not d i rect ly related to 
dissemination, because most projects nowadays 
involve sof tware publ ication, nanoscience 
researchers often cannot concentrate on the 
development of  lead ing - edge ca lcu lat ion 
techniques because they must perform tasks 
necessary for software publishing. To mitigate 
this problem, expansion of projects focusing on 
the portion up to the development of prototype 
codes for leading - edge calculation methods 
(Figure 4 [c]) should also be considered.
While it is not certain that the measures 
described in (1) to (5) will have immediate 
effects on nanotechnology development, at least 
they will be effective for the dissemination of 
advanced simulation techniques in the long 
term. Enhancing the linkage between theory 
and experiment as well as between nanoscience 
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and nanotechnology with these measures will 
surely contribute to the future development of 
nanotechnology in Japan.
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